Single breath pulmonary function tests of the forced expiratory volume in one second (FEV1) and forced vital capacity (FVC) type require adjustments for age and height before the extent of their deviation from normal standards can be assessed. Many regression equations have been proposed in the literature. The Committee on Rating of Mental and Physical Impairment (1965) has provided tables of normal values of FEV1 and FVC for adults by sex, age, and height. These recommended standards were adapted from a study in the United States (Kory, Callahan, Boren, and Syner, 1961 non-bronchitic subjects for the calculation of expected values of FEV1, FVC, and FEV1 % (defined as FEV1 x 100) FVC The study showed that both age and height were significant predictors for estimating FEV1 and FVC, but that age alone was of importance for FEV1 %. All the three ventilatory functions decreased with age, and within age groups FEV1 and FVC increased with height. The within age regression coefficients of FEV1 and FVC on height were, however, significantly non-parallel, and their slopes decreased appreciably with age. In a later part of this study (Lowe, Campbell, and Khosla, 1970) it was reported that the groups of smokers not only had lower values of FEV1 at each age group than the nonsmokers, but their decline of FEV1 with age was also steeper.
Single breath pulmonary function tests of the forced expiratory volume in one second (FEV1) and forced vital capacity (FVC) type require adjustments for age and height before the extent of their deviation from normal standards can be assessed. Many regression equations have been proposed in the literature. The Committee on Rating of Mental and Physical Impairment (1965) has provided tables of normal values of FEV1 and FVC for adults by sex, age, and height. These recommended standards were adapted from a study in the United States (Kory, Callahan, Boren, and Syner, 1961) . Subsequently, a multiple regression equation was derived from the pooled results of four international studies (including the work of Kory and his co-workers) to predict FEV1 values in white Caucasian males (Cotes, Rossiter, Higgins, and Gilson, 1966) . In epidemiological investigations it is sometimes necessary to estimate the extent of impairment in lung function for groups of persons exposed to certain occupational hazards, in relation to their smoking habits, age, and the presence or absence of respiratory symptoms. An extensive study of the aetiology, prevalence, and progression of respiratory disability among men employed in the steel industry in South Wales was recently conducted (Lowe et al., 1968) . Regression equations were published which were derived from observations on 8,106 *This work was done from the Department of Social and Occupational Medicine.
non-bronchitic subjects for the calculation of expected values of FEV1, FVC, and FEV1 % (defined as FEV1 x 100) FVC The study showed that both age and height were significant predictors for estimating FEV1 and FVC, but that age alone was of importance for FEV1 %. All the three ventilatory functions decreased with age, and within age groups FEV1 and FVC increased with height. The within age regression coefficients of FEV1 and FVC on height were, however, significantly non-parallel, and their slopes decreased appreciably with age. In a later part of this study (Lowe, Campbell, and Khosla, 1970) it was reported that the groups of smokers not only had lower values of FEV1 at each age group than the nonsmokers, but their decline of FEV1 with age was also steeper.
These results show that the overall multiple regression coefficient of FEV1 on age in any particular study is likely to be influenced by the smoking habits or the health condition of the group, and the regression coefficient of FEV1 on height could be affected by the age distribution. It is, therefore, not surprising that the regression relationships reported in the literature differ in their regression coefficients (Table I) . There is as yet no uniformly acceptable equation for estimating FEV1 and Table  I shows that some of the estimating equations include even nonlinear and logarithmic functions An analogy may be drawn with obesity which depends on weight and height, and because the 'normal' or 'ideal' weight tables are mostly based on Caucasians, the authors of a study of coronary heart disease in Hawaii (Bassett et al., 1969) (Khosla and Lowe, 1967) , that on theoretical considerations only the index W/H2 is satisfactory and its suitability in different adult populations has been confirmed in a number of other studies (Edwards and Whyte, 1962; Grimley Evans and Prior, 1969; .
The following report shows that the three proposed indices of ventilatory function also have a sound theoretical basis and that their validations in other populations would be of interest.
SOURCE OF DATA
The data used are derived from an epidemiological study of the prevalence and aetiology of respiratory disability of men employed in the steel industry. A full description of the methods by which the information was collected is given in an earlier paper (Lowe et al., 1968) . Here it is sufficient to mention that ventilatory measurements were recorded on the Garthur Vitalograph; two recordings were made after a practice blow, and the higher of the two readings of FEV1 and its related FVC (corrected at 37°C saturated with water vapour (BTPS) from the ambient temperature recorded on the charts) were used for statistical analysis and FEV% was defined as FEV1 X 100. FVC As this paper deals with the theoretical aspects of deriving indices of ventilatory functions, all available information on 18,838 persons (10,912 at Port Talbot, and 7,926 at Ebbw Vale) are used, and no attempt is made to derive 'standard' or 'normal' indices from any specific subgroups of persons.
THEORETICAL CONSIDERATIONS Because FEV1 is negatively correlated with age ( Fig. 1 ) and within age groups is positively correlated with height ( Fig. 2) 2. It must be independent of both age and height. The first criterion would ensure that for fixed values of age and height, a higher (or lower) FEV1 would correspondingly yield a higher (or lower) index. The second criterion essentially adjusts for age and height (in the sense that the index is invariant along the regression plane of FEV1 on age and height).
It should be noted that the two powers n, and n2 are not arbitrarily chosen but have a theoretical basis. It can be shown that n1 and n2 are the multiple regression coefficients of log FEV1 on log (age) and on log (height). Essentially, therefore, the basic approach for deriving a satisfactory index is founded on the application of multiple regression methods. with age. The importance of height is negligible in index FEV%; although some of the powers are statistically significant (Table II) , the additional information on log (height) reduces the percentage variation in log (FEV%) by less than 1% (Table  III) . The method of deriving the value of n2 is also illustrated with an example from a typical age group in Table Im. In the European coal and steel community (CECA) study, it was assumed on theoretical grounds that a relationship exists between FEV1 and height cubed (Table I, row 7) but this assumption was found to be unrealistic by Cotes and his co-workers (1966) when applied to their own data. (Table II) . gives the histogram of the FEV1 index and shows the extent of its variation with the history of smoking. DIscUSSION The proposed indices on lung function tests are of value in epidemiological investigations as they can be calculated quickly from minimal information. The inferences based on the indices are in excellent agreement with those arrived at by the multiple regression approach. The application of the latter method needs trained personnel, is time consuming, and is largely dependent on the availability of computers.
RESULTS
The alternative approach of comparing age and height specific mean values of lung function measuremnents has the obvious limitation of small numbers of observations in some of the sub-groups of even a large-sized epidemiological investigation.
The proposed indices are invariant in the age range 30-55 years. In practice, the mean ages of the various subgroups under comparison are unlikely to fall outside these limits in any adult population of working age. The mean ages in the nine subgroups categorized on smoking history (Table VII) ranged from 38-9 to 47-3 years, well within the stated limit.
The method of forming the indices is based on theoretical considerations. But 
